Introduction
Primary plant cell wall is synthesized around protoplast and its architecture is determined by a complex balance in the synthesis of several polysaccharides and glycoproteins which form an interwoven network organized around cellulose microfibrils [ 13. Therefore deposition and synthesis of cell-wall material must accompany cell progressive enlargement, and this necessitates a permanent rearrangement of the already deposited material and of the newly synthesized polymers. The chemical and biological nature of the rearrangements that occur within a given constituent polymer or between polymers, the site of their occurrence within the cell wall, and the physical, physiological and biochemical factors that control them, are still not clearly understood.
Among the regulatory processes that control cell expansion, auxin-induced growth [2] involves a proton extrusion into the apoplast which may selectively activate wall-associated hydrolases with low pH optima [3] . Cleavage of hemicelluloses, especially xyloglucans (XGs), which are the predominant hemicelluloses in the primary wall of higher plants, has been observed in auxin-treated and acid-treated pea stems [4, 5] . This degradation by wall-bound enzymes may have several consequences that serve cell-wall rearrangement. It may result in the breakage of XG interconnections between microfibrils [ 51, thus accounting for wall loosening, and it may at the same time result in the release of biologically active fragments with various lengths and structures. These biologically active oligosaccharides belong to the so-called oligosaccharins, which all possess signalling and regulatory activities [6] .
Plant cell wall-derived oligosaccharins
With regard to wall polysaccharide-originating oligosaccharins, homogalacturonan and XG fragments have been the subject of several studies showing that they exhibit various bioactivities depending on their structure and concentration [7] .
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Only the oligouronide series has been reported as having elicitor ability in plant defense responses. Homogalacturonan-derived oligosaccharides show various other activities related to plant-cell development and growth, being able to inhibit auxininduced elongation [8] or induce various and sometimes opposing morphogenesis responses depending on the structure and concentration of the oligosaccharide used [9] . They are also able to modify ion influx, cytoplasmic acidification and depolarization of the plasma membrane in suspension-cultured cells [7] .
Until recently, the reported activities of xyloglucan-derived oligosaccharides have been less diverse. Yet, like the oligouronides, XG oligomers have been shown to exhibit different bioactivities depending on the structure and concentration at which they are applied in the bioassays. Some of these activities are similar to those reported for the oligouronides although there is no chemical or structural similarity between the two series of oligosaccharides. Because they originate from a homopolysaccharide, structural variability in oligouronides arises only in their respective degree of polymerization. In contrast, XG oligosaccharides originate from a hetero-polysaccharide and therefore offer a larger diversity and complexity of structures. XGs such as cellulose, have a I,4-/?-11-glucan backbone, more than two thirds of which substituted at C-6 with single terminal a-1 1-xylopyranosyl residues, p-I )-galactopyranosy l-1,2-a -~ )-xylopyranosyl disaccharides and a-I,-fucopyranosyl-1,2-/3-1)-galactosyl-1,2-a-1~-xylopyranosyl trisaccharides. In addition to these side chains, other substituents, such as 0-acetyl groups, may be attached to some of the terminal galactosyl residues.
Because XGs have a complex structure, enzyme cleavage within the glucan main chain with endo-glucanases generates mixtures of highly branched oligosaccharides, which exhibit a large structural diversity and degree of polymerization, that include isomeric structures. Recently, a systematic nomenclature of the XG oligosaccharides has been proposed [ 101 in order to include in the abbreviated names of the XG oligomers an indication of their structure. Thus, two XG nonasaccharides can be differentiated into XXFG and
This distinction is important because this series of oligosaccharides exhibits structure-dependent and concentration-dependent bioactivities. At concentrations of -M, one of the XG nonasaccharides, XXFG, showed antiauxin effect in pea stem segments [ 11,121. The other nonasaccharide XLLG, however, which has no terminal a-L-fucopyranosyl residue, shows a reverse effect on pea stem as it is able to mimic the action of auxin, and promotes elongation in the absence of auxin [ 131.
Whereas XXFG exhibits its antiauxin activity at concentrations of the order of lo-* to M, XLLG exhibits its auxin-mimicking activity at con- Auxin has been shown to induce the synthesis of endo-l,4-p-glucanase in growing peas [ 161. Thus, a suggested action of XG oligosaccharides when they mimic auxin is the activation of p-glucanase 1131.
Effect of xyloglucan oligosaccharides on cell wall-associated enzymes of Rubus cells
In keeping with our continuing studies aimed at elucidating some of the structural rearrangements that occur during primary plant cell wall elaboration, we herein examine the possible action of XG-derived oligosaccharides as regulatory molecules of some of the enzymes associated with the walls of Rubus fruticosus cells cultured in suspension.
Several endoglycanase activities are associated with the wall of developing plant cells. In the walls of R. fmticosus cells cultured in suspension, two activities corresponding to 1,3-P-u-glucanase and to 1 ,CP-u-glucanase were found to predominate. Other activities towards homogalacturonan and chitin are also present. These activities were measured on 'in situ enzymes', using the whole cell wall preparation, and on 4M LiCl extracts from the isolated cell walls. Interestingly, the activities (per 100 mg cell wall dry weight) measured in situ were always higher than those measured in the LiCl extracts. The activity of the glycohydrolases associated with the walls and measured with methyla-L-fucoside, methyl-a-1i-xyloside, methyl-p-ugalactoside, methyl-p-u-glucoside and a-L-fucosyllactose as substrates were also found to be higher when measured in situ in the walls than after LiCl extraction. This illustrates that, in vivo, wall-bound enzyme activities are expressed differently than when they are measured outside the wall's microenvironment [ 171.
A series of XG oligosaccharides was prepared by the action of a commercial cellulase on the purified XG isolated from the extracellular culture medium [ 181 and characterized by chemical analysis and by fast atom bombardment-mass spectros-COPY. The effects of the addition of the purified oligomers to the culture medium of growing cells were tested on the above-mentioned wall-associated glyco-and glycanohydrolase activities [ 181. The present results concern the effects induced by XXXG (heptasaccharide) and XXFG (nonasaccharide) respectively. Both oligosaccharides did not enhance all the activities equally. Yet both showed concentration-dependent effects with maximum inductions of lo-' M, in agreement with many other reports [ 11,121. In these results, it is interesting that the nonasaccharide induced the most powerful enhancement of the enzymes active on carboxymethyl cellulose and on chitin, whereas the induction of the enzymes able to depolymerize and modify the polysaccharides that are an integral part of the cell walls was considerably weaker. In this assay, chitinase underwent a 1 0-fold increase. Similar factors of enhancement of chitinase and 1,3-/3-glucanase activities are typical of the actions of oligouronides and 1 ,3-p-glucan oligomers [ 191 as elicitors of pathogenesis-related proteins [ 15,201. It is noteworthy that peroxidase activity, another plant defense response, was also induced by XXFG (lo-' M) in Rubus cell suspension (results not shown). This suggests that XG oligosaccharins may behave as elicitors in causing lignification [21] . Considering our results, more evidence is needed before we can conclude that XXFG at lo-' M induces a response that can be put in the same category as the true defense response of an elicitor. Also, the most typical pathogenesis-related protein generally induced by elicitors, 1,3-/?-1)-gIucanase, did not undergo induction with the same order of magnitude as chitinase. However, there may be a relationship between the anti-auxin or auxinmimicking effects of the oligosaccharides and the expression of defense reactions to exogenous elicitors because protoplast responsiveness to fungal oligosaccharide elicitors has been shown to be under auxin control [22] .
In our assay, 1,4-P-glucanase activity towards carboxymethyl cellulose was also strongly enhanced (10-fold). The other activities towards polysaccharides that all are integral to the primary walls of Rubus showed moderate enhancement factors. This may be an indication that the nature of the response to XXFG is different from that of the response induced by 1,4-P-gIucanase enhancement. The latter is well known for its capacity for XG depolymerization and could thus participate through increased production of oligosaccharides derived from XG [23, 24] , as well as through cell wall loosening as a result of the local hydrolysis of cellulose microfibrils and of XG chains [ZS] . Such an activation of endo-1,4-P-glucanase promoted by a low concentration of XXFG stands somewhat in opposition to the anti-auxin effect of this oligomer observed on pea stems growth because the widely accepted role of auxin is to induce endo-1,4-Pglucanase [26] . Indeed, most studies of the in vivo effects of XG fragments on wall-associated enzymes have focused on 1,4-P-glucanase induction [ 12, 25, 26] .
In our assay with Rubus cells, beside the activation of endoglucanases we also examined the effect of XXFG on the exoglycosidases associated with the cell walls. Among the various glycosidase activities checked, P-l)-glucosidase, P-l)-galactosidase and, to a lesser extent, a-r)-xylosidase showed up to a 2-3-fold increase in activity with lo-' M XXFG. On the other hand, a-l,-fucosidase were markedly inhibited by the oligosaccharide at lo-' M and M. This effect of the nonaoligosaccharide may be important for the control in vivo of the activity of XXFG, as it has been well established that a terminal fucosyl residue is essential for the nonaoligosaccharide to be active as a growth-inhibiting oligosaccharin [27-291. Furthermore, a-1,-fucosidase activity in Rubus wall was not significantly affected at a higher concentration of the oligosaccharide ( 1 0-7 M). This dose-dependence effect on a-1,-fucosidase could represent in vivo a regulation of the activity of XXFG, which could thus be inactivated by cleavage of its terminal a-I,-fucosyl residue when it reaches a certain concentration in the cell wall [30] . A biological function of cell wall-associated glycosidases could thus be the processing of wall polysaccharide fragments to activate or inactivate them, depending on physiological circumstances. This hypothesis requires further confirmation inasmuch as Fry et al. [28] observed only little hydrolysis of fucose when they fed ['H]fucosyl XXFG to cultured spinach cells.
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Xyloglucan oligosaccharides as substrates of xyloglucan endotransglycosy lase
The apparent activation of 1,4-P-glucanases by XG oligosaccharides found an explanation with the discovery that these P-glucanases could act as transglycosylases in the presence of polymeric XG and As a result of successive cleavage in the XG chain and transfer of one of the fragments to a relatively small oligosaccharide, the overall action of XET is to achieve a limited depolymerization of certain xyloglucans from the cell wall. The mode of action of this enzyme provides a satisfactory explanation for the activation effect of some XG oligosaccharides at -lo-' M concentrations on pea 1,4-P-glucanases activity [ 13,371.
Xyloglucan oligosaccharides induce ultrastructural alterations in the cell walls
According to Fry [23] , certain XGs tether adjacent microfibrils with the consequence that an endo cleavage in the XG molecule could loosen the wall [31] . In cell suspension cultures of spinach, some XG molecules were shown to be released in the culture medium where they undergo partial hydrolysis which generates biologically active oligosaccharides [23] . As a result, a direct interaction can occur between the cells in culture and the oligosaccharides in the medium. This was demonstrated by the micromorphological modifications induced by the addition of XXFG into the medium of the cell suspension of Rubus [38] . Rapid loosening and re- 
Concluding remarks
The concept of oligosaccharins includes the wide capacity of certain oligosaccharides to regulate plant cell wall development and macromolecular organization, and to elicit responses from the plant cells. It is remarkable that these molecules reside latent in the cell wall in the form of polymers and that they mediate their own release and perhaps their processing by controlling the enzymes that give rise to their active form. Only a few indications of the relationship between their structure and their biological activities have been obtained. An understanding of the mechanisms by which plant cell-wall oligosaccharins convey a signal, and a description of the intracellular pathways leading to gene activation by these molecules remain to be elucidated. 
